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METHOD FOR MANUFACTURING A POROUS 
STATIC PRESSURE GAS BEARING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a method of and an appara 

tus for manufacturing a porous static pressure gas bear 
ing in which a porous material is disposed on the surface 
of a bearing and pressurized gas is injected from vent 
pores in the porous material into a minute gap between 
the porous material and a shaft to thereby form gas film 
and support the shaft, and particularly to a method of 
and an apparatus for adjusting the flow rate in the po 
rous static pressure gas bearing. 

2_. Description of the‘ Prior Art 
To obtain bearing performances such as predeter 

mined rotation accuracy,'load capability and bearing 
rigidity in a porous gas bearing, it is required that when 
gas is supplied to a porous material under predeter 
mined pressure, the ?ow rate of the gas injected per unit 
area on the surface of the bearing, i.e., the flow rate of 
passage of the gas, be uniform at a predetermined value 
over the whole surface of the bearing. As a method of 
adjusting such a flow rate, it has heretofore been prac 
tised to impregnate the surface of the bearing with resin 
and close pores in the porous material in advance so that 
the flow rate may be a predetermined rate or below, and 
thereafter suitably remove the resin by a solvent while 
measuring the flow rate of passage of the gas, and adjust 
the flow rate so as to become uniform. This method has 
involved rubbing the surface of the bearing with an 
applicator containing a suitable quantity of solvent to 
thereby dissolve the resin and repetitively effect adjust 
ment while gradually recovering the flow rate. 

In the prior art, however, the adjusting work has 
resorted to the operator‘s experience or sixth sense and 
therefore, the adjusting method has suffered from trial 
and error and has required a great number of working 
steps which has caused an increase in cost. Also, this 
method has resorted to manual work and therefore, it 
has been hard to standardize the work, which in turn 
has led to great irregularity of quality. Also, when the 
change-over of the ?ow rate adjusting surface of a large 
porous gas bearing is to be effected by manual work, the 
efficiency of work has been low and dangers have been 
involved. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
above-described circumstances and an object thereof is 
to provide a method of and an apparatus for manufac. 
turing a static pressure gas bearing which can uniform 
ize the ?ow rate of injected gas from a porous material 
easily and reliably. 
The present invention applies a solvent to the surface 

of a bearing impregnated with resin through a uni 
formly apertured pattern to thereby enable the flow rate 
of passage of gas in a porous static pressure gas bearing 
to be set uniformly at a predetermined value. 

It is another object of the present invention to pro 
vide a method of and an apparatus for manufacturing a 
porous static pressure gas bearing which can decrease 
the steps of work to thereby reduce the cost of manufac 
ture and can achieve the standardization of the work 
and the stabilization of quality and which can be auto 
mated. 
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The present invention applies a solvent to the surface 

of a bearing impregnated with resin through a uni 
formly apertured pattern to thereby enable the flow rate 
of passage of gas in a gas bearing to be set uniformly at 
a predetermined value, and measures the flow rate of 
passage of gas in the surface of the bearing in advance to 
thereby discriminate whether it is over or under a pre 
scribed ?ow rate, and selects recovering or ?lling the 
vent pores in the surface of the bearing in conformity 
with the result of the discrimination. The recovery of 
the vent pores can be realized, for example, by applying 
a solvent to the gas bearing with pressurized air sup 
plied thereto. Also, the filling of the vent pores can be 
realized by applying a solvent to the gas bearing with no 
air supplied thereto. 

Also, the present invention applies a solvent to the 
surface of a bearing impregnated with resin through a 
uniformly apertured pattern to thereby enable the flow 
rate of passage of gas in a gas bearing to be set uni 
formly at a predetermined value, and provides a plural 
ity of kinds of said pattern differing in numerical aper 
ture and measures the flow rate of passage of gas in the 
surface of the bearing prior to the application of the 
solvent, calculates the condition of selection of said 
pattern in conformity with the measured value of the 
?ow rate, selects one of said plurality of kinds of pat 
terns in conformity with the result of the calculation 
and effects the application of the solvent. This applica 
tion of the solvent, if required, may be effected several 
times until the flow rate of passage of gas assumes a 
predetermined value, but in a mode of the present in 
vention, the pattern selection before the second and 
subsequent applications of the solvent is effected on the 
basis of a variation in said measured value of the flow 
rate. 

It is still another object of the present invention to 
provide a method of and an apparatus for adjusting the 
flow rate in a porous static pressure gas bearing which 
can be efficiently automated without the flow rate ad 
justing work being manually effected. 
To achieve the above object, the present invention 

measures the flow rate on the surface of a bearing im 
pregnated with resin by a flow meter, a spray, a mask 
and a uniformly apertured pattern, selects a pattern best 
suited for providing a predetermined flow rate of pas 
sage of gas from among uniformly apertured patterns 
having a plurality of kinds of numerical apertures and 
applies a solvent by the spray through the mask and this 
pattern to thereby enable the flow rate of passage of gas 
in the porous static pressure gas bearing to be set uni 
formly at a predetermined value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are a cross-sectional view and a 
' perspective view, respectively, of a porous bearing. 
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FIG. 2 is an enlarged cross-sectional view of a porous 
material as it is impregnated with resin. 
FIG. 3 is a pictorial view showing an example of a 

pattern for solvent application. 
FIGS. 4A-4D are enlarged model illustrations of the 

porous vent pores of the present invention. 
FIG. 5 shows the construction of a flow rate adjust 

ing apparatus according to the present invention. 
FIG. 6 is a flow chart for illustrating the flow rate 

adjustment in the apparatus of FIG. 5. 
FIGS. 7A and 7B are a pictorial view of a disk 

formed with a pattern used in the apparatus of FIG. 5 
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and an enlarged view of the pattern on the disk. respec 
tively. 
FIG. 8 is an enlarged view of the ?ow rate measuring 

portion in the apparatus of FIG. 5. 
FIG. 9 is a flow chart for illustrating the selection of 5 

the pattern in the apparatus of FIG. 5. 
FIG. 10 is a graph for illustrating the flow rate adjust‘ 

ing process. 
FIG. 11 is an illustration showing various forms of 

variation in the flow rate in the flow rate adjusting '0 
process of the’ present invention. 
FIG. 12 is a plan view showing the construction of 

another embodiment of the present invention. 
FIG. 13 is a side view of the FIG. 12 embodiment. 
FIG. 14 is a partly cross'sectional view showing the 15 

essential portions of the apparatus. 
FIG. 15 is a cross-sectional view showing in greater 

detail the portions shown in FIG. 14. 
FIG. 16 is a fragmentary enlarged view showing the 

construction of the flow rate adjusting portion in the 
FIG. 12 embodiment. 
FIG. 17 is an exploded perspective view showing the 

construction of the essential portions of the apparatus. 
FIGS. 18A and 18B are a cross-sectional view and a 

perspective view, respectively, of a porous gas bearing. 
FIG. 19 shows the construction of a measuring pad 

used in the present invention. 
FIG. 20 is a block diagram showing the construction 

of the apparatus of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1A is a cross-sectional view showing a porous 
bearing, and FIG. 1B is a pictorial view thereof. In 35 
these ?gures, the reference numeral 1 designates a 
graphite porous material, the reference numeral 2 de 
notes a housing for holding and ?xing the porous mate 
rial l, the reference numeral 3 designates an air supply 
chamber, and the reference numeral 4 denotes a com 
pressed air supply port. 
The porous material 1 ?nished to predetermined ac 

curacy as by polishing work is made such that the flow 
rate of passage of gas therein is greater than the design 
value. Therefore, this is made coincident with the de 
sign value in accordance with the following. procedure. 
The minute vent pores in the porous material 1 are ?rst 
impregnated with resin. Any excess resin covering the 
surface of the bearing is then wiped off by a solvent, and 
resin ?lm 6a is formed in the vent pores 5 as shown in 
FIG. 2, to thereby close the vent pores 5. Thereby, the 
flow rate of passage of gas is made smaller than the 
design value. Subsequently, a pattern 7 in which as 
shown in FIG. 3, small apertures 70 are uniformly dis 
tributed so as to have a predetennined numerical aper 
ture disposed in opposed relationship with the porous 
material 1 so as to be parallel to the bearing surface of 
the porous material 1 and have a minute gap. Further, 
when a slight quantity of solvent is applied to the po 
rous material 1 through the pattern 7 with the porous 
material 1 being vented, the resin impregnating the 
porous material 1 is dissolved correspondingly to the 
locations of the small apertures 70 in the pattern 7, 
whereby there is provided a predetermined flow rate of 
passage of gas. As the method of applying the solvent, 
there is a method of injecting the solvent in an atomized 
form. During this application of the solvent, the vent 
pores 5 can be opened (recovered) or closed (?lled) 
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4 
depending on whether compressed air is supplied to the 
porous bearing. ‘ 

In order to comprehensibly explain the principle of 
adjustment of the flow rate of passage of gas, cross'sec 
tional views in which the vent bore portion of the po 
rous material is enlarged and modelled are shown in 
FIGS. 4A, 4B, 4C and 4D. 

Recovery of Vent Pores 

The vent bores S impregnated with resin are closed 
by resin ?lm 6b, and with the porous bearing supplied 
with compressed air, pressure P is applied from within 
to the resin ?lm 6b, as shown in FIG. 4A. In this state, 
the solvent which has passed through the pattern 7 
arrives at the bearing surface and thereafter comes into 
some of the vent pores 5 to dissolve the resin ?lm 6b in 
the vent pores 5. As a result, the resin ?lm 6b is de 
stroyed by the internal pressure P as indicated at 6c in 
FIG. 4B, and pressure gas ?ows out of the vent pores 5. 
Thereby, the vent pores 5 are opened (recovered). That 
is, a vent pore portion is thus formed on the bearing 
surface in accordance with the small apertures 7a (FIG. 
3) in the pattern 7. In this case, the numerical aperture 
of the pattern can be increased or decreased to vary the 
application area of the solvent, thereby setting the flow 
rate of passage of gas in the bearing member uniformly 
at a predetermined value. . 

If as described above, use is made of a method of 
applying a solvent through a pattern having a predeter 
mined numerical aperture, there is provided a predeter 
mined ?ow rate of passage of gas. Thus, according to 
such a method, the trouble of performing the adjusting 
work repetitively as in the prior art can be saved~to 
thereby reduce the cost of manufacture. Also, the stan 
dardization of the work becomes easy and quality is 
stabilized and automation can be achieved. 

Filling of Vent Pores 

When as shown in FIG. 4C, the resin ?lm 6d in the 
vent pores 5 is destroyed by the solvent, it is called 
?lling to reproduce such resin ?lm and close the vent 
pores 5. When a solvent is injected to the porous bear 
ing through the pattern 7 in no air supply state (pressure 
P=0), the solvent 8 arrives at the surface of the bearing 
and thereafter comes into some of the vent pores 5 and 
dissolves the resin ?lm 6d in the vent pores 5.‘The dis 
solved resin, as shown in FIG. 4D, is reproduced into 
complete resin ?lm 6e by the surface tension thereof and 
solidi?es on the spot, thereby closing the vent pores 5. 
By these recovery and ?lling processes, the vent 

pores 5 are opened and closed and during the processes, 
the numerical aperture of the pattern 7 is increased or 
decreased to vary the area to which the solvent 8 is 
applied, whereby the flow rate of passage of gas in the 
bearing member can be set uniformly at a predeter 
mined value. 
The actual method of adjusting the ?ow rate of pas 

sage of gas will now be described in detail. FIG. 5 is a 
block diagram showing the construction of a ?ow rate 
adjusting apparatus according to an embodiment of the 
present invention, and FIG. 6 is a flow chart showing 
the ?ow rate adjusting method in the apparatus of FIG. 
5. In FIG. 5, the reference numeral 101 designates a 
compressor which is a supply source of compressed air, 
and the reference numeral 102 denotes a porous bearing 
for adjusting the flow rate of passage of gas. The porous 
bearing 102 is connected to the compressor 101. The 
reference numeral 103 designates a three-way solenoid 
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valve connected between the porous bearing 102 and 
the compressor 101 for controlling the supply of air to 
the porous bearing 102, the reference numeral 104 de 
notes a spray gun for applying a solvent to the surface 
of the porous bearing 102, the reference numeral 105 
designates a tank for supplying the solvent to the spray 
gun 104. the reference numeral 106 denotes an solenoid 
valve for controlling the supply of air to the spray gun 
104, and the reference numeral 107 designates a driver 
for operating the solenoid valve 106. The solenoid valve 
106 is connected between the spray gun 104 and the 
compressor 101. The reference numeral 108 denotes a 
measuring pad for detecting the ?ow rate of gas ?owing 
out from the bearing surface of the porous static pres 
sure bearing 102, and the reference numeral 109 desig 
nates a sensor for converting the detected flow rate 
introduced from the measuring pad into an electrical 
signal. An O-ring 120 made of rubber is disposed at the 
lower end of the measuring pad 108, as shown in FIG. 
8, so that air injected from the surface of the porous 
material 1 of the bearing 102 may be directed to the 
sensor 109 via a conduction hole 121. In FIG. 5, the 
reference numeral 110 denotes an A/D converter for 
digitally converting the electrical signal. The reference 
numeral 111 designates a disk having a pattern for in 
creasing or decreasing the area to which the solvent 
injected from the spray gun 104 is applied. The disk 111 
is divided into six portions as shown in FIG. 7A, and 
patterns 7f-7k whose numerical apertures are set to 
l00%, 50%, 25%, 12%, 6% and 3%, respectively, are 
formed on the six divided portions. respectively. The 
pattern 7/ is entirely constituted by an opening. The 
patterns 7g-7k each, as enlargedly shown in FIG. 78, 
comprise small apertures 70 formed at an equal pitch in 
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a stainless steel plate having a thickness of the order of 35 
0.1 mm by etching. The respective patterns 7g-7k are 
made in accordance with the speci?cation shown in 
Table 1 below. 

, TABLE 1 

Pattern Diameter of Pitch Numerical 
Symbol Aperture (mm) (mm) Aperture (‘72) 

7g 0.5 0.63 50 
7h 0.5 0.89 25 
71' 0.5 1.28 12 
7j 0.5 1.81 6 
71: 0.5 2.56 3 

In FIG. 5, the reference numeral 112 denotes a step 
ping motor for effecting pattern indexing, the reference 
numeral 113 designates a driver for driving the stepping 
motor 112, the reference numeral 114 denotes a CPU, 
the reference numeral 115 designates a memory, and the 
reference numeral 116 denotes a driver for driving the 
three-way solenoid valve 103. 
The operation of the apparatus of FIG. 5 will now be 

described. 
With air supplied to the porous bearing 102, the flow 

rate detecting pad 108 is brought into intimate contact 
with the adjusting portion of the bearing surface to 
thereby detect the ?ow rate of passage of gas. The 
detected ?ow rate is converted into an electrical signal 
by the sensor 109 and introduced into the CPU 114 
through the A/D converter 110. The CPU 114 judges 
which of recovery or ?lling should be effected, and puts 
out a command to the solenoid valve 103 and controls 
the ON and OFF of the supplied air. The CPU 114 then 
performs a calculation for determining the pattern to be 
used for recovery or ?lling, and puts out a command 
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6 
conforming to the result of the calculation to the driver 
113 for the stepping motor. Thereby the stepping motor 
112 is driven and a pattern of a predetermined numeri 
cal aperture is selected from among the patterns 7f-7k. 

Subsequently, under the control of the CPU 114, the 
spray gun 104 is disposed with a predetermined distance 
kept relative to the adjusting portion of the bearing 
surface. A command is then put out from the CPU 114 
to the driver 107 and the solenoid valve 106 is energized 
for a predetermined time, whereby the spray gun 104 is 
supplied with air and injects the solvent in its atomized 
form from the nozzle thereof. The injected solvent is 
applied to the bearing surface of the bearing 102 
through one of the patterns 7f-7k. 
The operation of the CPU 114 of FIG. 5 in the adjust 

ing process will now be described on the basis of the 
flow of FIG. 6. 
When a new porous bearing 102 is set as shown in 

FIG. 5, the CPU 114 resets repetition frequency n 
(n=0) (step 600), and thereafter executes the following 
adjusting process. 

First, the solenoid valve 103 is changed over to the 
porous bearing 102 side by the driver 116 and the air 
supply from the compressor 101 to the bearing 102 is 
rendered ON (step 601). By the air supply being thus 
rendered-ON, the sensor 109 detects the flow rate of the 
air injected from the bearing surface of the porous bear 
ing 102 and introduced into the detecting pad 108. The 
A/D converter 110 converts this detected flow rate into 
a digital value Q". The CPU 114 introduces this de 
tected flow rate value Q” thereinto (step 602), and 
judges whether this detected flow rate value Q” satis?es 
the design value (Q,=Q,,~QL) (step 603). If the de 
tected ?ow rate value Q” is below the design lower limit 
value QL, the flow rate recovering loop on the right 
hand side in FIG. 6 is entered to recover the ?ow rate. 

In this recovering loop, judgment of the repetition 
frequency n is ?rst effected (step 605), and if n=0, a 
predetermined initial pattern (e.g. the pattern 7]’) is se; 
lected (step 608). On the other hand, if n i l, a pattern is 
selected on the basis of the relation between the de 
tected flow rate value Qn introduced at the step 602 in 
the current adjusting process and the detected flow rate 
value Q,,_.1 introduced during the last adjusting process 
(step 606). The solenoid value 106 is then energized 
through the driver 107 and the pressurized air from the 
compressor 101 is supplied to the spray gun 104. 
Thereby the solvent is sprayed from the spray gun 104 
and applied to the bearing surface of the porous bearing 
102 (step 607). Then, 1 is added to the repetition fre 
quency n (step 609), whereafter return is made to the 
step 601, and an operation similar to what has been 
described above, including the flow rate detection of 
the step 602 and the subsequent steps, is repeated. 

If in the judgment at the steps 603 and 604, the de 
tected flow rate value Q” satis?es the range of the de 
sign value Q_,=Q,,~QL, this ?ow rate adjusting process 
is tenninated. However, if the detected ?ow rate value 
Q" should be over the upper limit value Q,,, the program 
enters the ?lling loop on the left-hand side in FIG. 6 in 
which the resin ?lm 6d (FIGS. 4C and 4D) in the vent 
pores 5 is reproduced to reduce the ?ow rate to the 
design upper limit value Q“ or below and the vent pores 
5 are closed. ' 

In this ?lling loop, judgment of the repetition fre 
quency n is ?rst effected as at the step 605 in the recov 
ering loop (step 610). If n=0 at this time, the porous 
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bearing 102 ought to have its all vent pores 5 closed by 
the impregnating resin and be unable to be ?lled any 
more and therefore, this is judged as an error and the 
operation is stopped (step 611). If n; l, predetermined 
one of the patterns 7f-7k is selected on the basis of the 
relation between the detected flow rate values Q" and 
Q,,.], as at the step 606 in the aforedescribed recover 
ing loop 606 (step 612). Subsequently, the solenoid 
valve 103 is controlled to reduce the flow rate and the 
air supply to the porous static pressure bearing 102 is 
stopped (step 613). Further, the solvent is sprayed from 
the spray gun 104 and applied to the bearing surface 
(step 614). Subsequently, l is added to the repetition 
frequency n (step 616), whereafter return is made to the 
step 601, where the solenoid valve 103 is controlled to 
supply the air to the bearing 102 again (step 601), and 
the ?ow rate detection of the step 602 is effected. 
Thereafter, a process similar what has been described is 
repeated. ‘ 

The method of selecting the patterns 7f-7k in the 
present invention will now be described. This selecting 
method comprises preparing a plurality of pattern selec 
tion tables corresponding to conditions such as the de 
tected flow rate and the adjustment repetition fre 
quency n, memorizing them in the memory 115, reading 
out and referring to the corresponding table on the basis 
of the discrimination ?ow in the ‘adjusting process, 
thereby effecting the selection of a pattern. 

i) Initial Pattern Selection 

The initial pattern selection is effected on the condi 
tion that the repetition frequency n=0 and by reference 
to the value of Q, and the initial condition selection 
table set in the memory. 

ii) Pattern Selection 
From the relation between the last measured flow 

rate value Q,,..] and the current measured flow rate 
value Q,,, a pattern selection table conforming to the 
form of variation in the ?ow rate is memorized in the 
memory and the next pattern is selected on the basis of 
that table. 
There are the following four forms of variation in the 

detected flow rate which require ?ow rate adjustment: 

CaseA: case where Q" < QL and Q,,-| < QL 
Case B: case where Q, < O; and Q,,_1 > QU 
Case C: case where Q,l > Quand Q,,_1< QL 
Case D: case where Q, > Quand Q,,._| >QU 

Pattern selection tables are prepared in conformity 
with the respective cases. Also, a table reference coeffi 
cient H corresponding to each case is set to facilitate the 
reference to each table. The table reference coef?cient 
H is calculated from a calculation formula for each case 
on the basis of the relations among the flow rates QL, 
Qu, Q” and Qn-I 
The processes of the initial pattern selection block 

(step 608) and the pattern selection block (steps 606 and 
612) in the flow chart of FIG. 6 will hereinafter be 
described in detail with reference to the ?ow chart of 
FIG. 9. In FIG. 9, processes similar to those in FIG. 6 
are given the same step numbers as those in FIG. 6. 
Also, to facilitate the description, it is to be understood 

I here that the design flow rate value Q, (=QL~QU) is 
set to the range of 45-50 cc/cmz. 
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Case A will ?rst be described. Referring to FIG. 9, 

the flow rate Q,,=0 in the porous bearing 102 (FIG. 5) 
after the initial ?lling (resin impregnation) has been 
effected is measured (steps 600-602) and subsequently, 
whether this measured ?ow rate value (the detected 
flow rate) is equal to or less than the prescribed ?ow 
rate QL is discriminated (step 603). Here, Q,,=0<QL 
(=45). Next, the repetition frequency n is discriminated 
(step 605), and since n=0, advance is made to the initial 
condition selection block (step '608), in which reference 
is made to the initial condition selection table, and the 
mesh (patterns 7f-7k) used in the next solvent injection 
is selected. The solvent is injected through this mesh 
(step 607), whereafter the repetition frequency n is ad 
vanced by 1 (step 609). Subsequently, the flow rate 
Q,,=1 is measured (step 602), and since Q,,=1<Q1_in the 
discrimination at the step 603, advance is made to step 
605. Further, since n= 1, advance is made to the ?lter 
selection ?ow of step 901 and subsequent steps on the 
basis of the discrimination which is n>0 (step 605). If 
here, Q,,_1 (=Q,,=0)<45, at step 902, a calculation 
de?ned by 

is effected to find the value of H. Subsequently, the 
table 1 is called up from the memory, and the table 1 is 
referred to at the value of H found at step 902, and the 
rank of the mesh to be used in the next solvent injection 
(the rank to change from the current mesh) is deter 
mined. 
The process from after the initial ?lling (resin impreg 

nation) is effected until a predetermined flow rate is 
obtained on the basis of the above-described ?ow will 
now be described speci?cally with reference to FIG. 
10. 

First, if the ?ow rate at the repetition frequency n=0 
is Qn=o=2S cc/cmz, the mesh of l2% is selected from 
the condition of initial selection (the step 608 of FIG. 9). i 
The injection of the solvent is effected by this mesh, 
whereafter Q": 1 =32 cc/cm2 is measured. At this time, 
Q,,=Q,,=1=32 cc/cm2<45 I cc/cm2 and 
Qn—l=Qn=0=25 cc/cm2 <45 cc/cm2 and therefore, 
this corresponds to the aforedescribed Case A. 

Accordingly, at step 902, the calculation formula 

Qn _ Qn-l 

” = 1m: 

is calculated to obtain 

H = On - Qn-l Qn=l - QI|=0 32 _ 25 
4s - 9..-, = 4s - Q,,.@ = 4s - 2s = “35' 

This H=0.35 is referred to in the table 1 to obtain 
“mesh 1 rank up” (step'903). As regards the rank up of 
mesh, in the case of the pattern shown in FIG. 7A, the 
case where the numerical aperture becomes greater is 
called rank up, and the case where the numerical aper 
ture becomes smaller is called rank down. Now, this is 
1 rank up for the mesh 12% and thus, the mesh 25% is 
selected. 

Subsequently, the injection of the solvent is effected 
by the use of the mesh 25%, whereafter Q,,=;=4l 
cc/cm2 is measured. Again in this case, 












